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1 Introduction
Chicken meat contains relatively high amounts of unsaturated 

fatty acids, which increases the concerns regarding oxidative 
deterioration. This oxidation often determines the shelf life 
of pre-cooked, chilled and ready-to-eat products made   from 
chicken meat (Xiao et al., 2011).

The mortadella is a meat product present in a great proportion 
of the human diet. The flavour, colour and taste play a decisive 
role in consumer acceptance. This meat product is made from 
an emulsion of meats of one or more species of animal butchery, 
which incorporates small cubes of delicately flavoured pork fat. 
Changes in the sensory attributes of mortadella could be due to 
the rancidity. Lipid oxidation is a chemical phenomenon that 
cannot be avoided during the storage of meat products, but it 
can be diminished by adding antioxidant substances that provide 
more stability and avoid the rancidity of the fat (Brasil, 2000; 
Berasategi et al., 2011; Doménech-Asensi et al., 2013).

Synthetic antioxidants, butylhydroxy anisole (BHA), 
butylhydroxy toluene (BHT), and sodium citrate, have been 
proved to be eficient and needed for stabilizing meat products rich 
in unsaturated fatty acids (Lee et al., 2006; Valencia et al., 2007). 
However, toxicological studies have demonstrated the ability of 
these antioxidants present carcinogenic effect in experiments 
with animals. In other studies, BHA was found to induce 
gastrointestinal hyperplasia in rodents by a mechanism unknown 
(Botterweck et al., 2000; Cruces-Blanco et al., 1999).

Thus, due to health risks associated with its use and the 
better perception of natural products by consumers, the use 
of different plant extracts (fruits, vegetables, spices, herbs 
and seeds), with antioxidant activity is being under research. 
The grape residue extracts were successfully applied to reduce 
fat deterioration in raw and cooked chicken meat during frozen 
storage (Selani et al., 2011). Kanatt et al. (2010) reduced the 
formation of 2-thiobarbituric acid reactive substances in chicken 
products by using pomegranate peel extract.

Anacardium occidentale L. (cashew), an important member of 
the family Anacardiaceae, is a tropical tree originally indigenous 
to Brazil. The cashew apple is very juicy, fibrous and also edible 
and thus the plant has a commercial value. Moreover, the cashew 
nut shell liquid (CNSL) is an important agricultural by-product of 
cashew nut production, and chemical analysis on CNSL showed 
the presence of a high amount of anacardic acids. The anacardic 
acids are phenolic compounds biosynthesized from fatty acids and 
account for about 90% of the composition of the liquid extracted 
from CNSL, which is also found in smaller proportions in the 
stalk and nuts (Hemshekhar et al., 2012; Morais et al., 2010).

A number of biological activities has been discovered for anacardic 
acids, including the antioxidant activity (Correia et al., 2006). 
Trevisan et al. (2006), when analyzing the antioxidant capacity 
of anacardic acids, cardanols and cardols present in the cashew 
apple, nuts and CNSL, noted that anacardic acids have higher 
antioxidant capacity when compared to cardols and cardanols. 
For the toxicological aspect of the anacardic acids, Carvalho et al. 
(2011) evaluated the acute, subacute toxicity and mutagenic 
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effects of anacardic acids from cashew in mice. These authors, 
concluded that doses less than 300 ppm (parts per million) did 
not produce biochemical and hematological alterations in mice.

Abreu et al. (2014) evaluated the effect of anacardic acid on 
oxidative and color stability of spray dried egg yolk using dose 
up to 200 ppm. The results indicated that the dose of 150 ppm 
anacardic acid had the best results among treatments studied to 
prevent the damage of lipid oxidation in the yolk, favoring the 
coloring. However, there are no reports on its performance when 
applied to meat products. Therefore, the aim of the present study 
was to evaluate the effect of anacardic acid on lipid stability and 
coloring of chicken mortadellas stored for 90 days.

2 Materials and methods
In the present study were used broiler thigh and drumstick 

of commercial lineage from Poultry Sector of Department for 
Animal Science, Federal University of Ceará, fed on a standard 
diet. The broilers were slaughtered at 42 days of age.

2.1 Extraction and purification of anacardic

The purification of anacardic acid from CNSL was performed 
as described by Paramashivappa et al. (2001). The cashew nuts 
used to obtain the calcium anacardate were from cashews 
harvested in Paraipaba, Ceará, Brazil, at 2011. The fruits were 
from a commercial cultivation (CCP-76), whose genetic material 
is kept in germplasm bank of Embrapa Agroindústria Tropical. 
The cashew nut shell liquid (CNSL) was extracted by the Drganic 
and Inorganic Chemistry Department of Federal University 
of Ceará. Briefly, anacardic acids were isolated from CNSL in 
the form of their calcium salts. The calcium anacardate was 
suspended in water and hydrochloric acid, and the resulting 
solution extracted with ethyl acetate. The resulting organic 
fraction was then concentrated to obtain the anacardic acid.

2.2 Experimental design

The experiment followed a complete randomized factorial 
(6  treatments and 4 storage times), with five replicates per 
treatment on each storage time, totaling 120 observations. 
The antioxidants were added in the mortadellas in accordance 
with the treatments: without the addition of antioxidant 
(control) and with addition of 100 ppm of the BHT (butylated 
hydroxytoluene) synthetic antioxidant; with addition of 50, 100, 
150 and 200 ppm of anacardic acid (AA). After preparation, the 
chicken mortadellas were stored for 90 days, and analyzed with 
0, 30, 60 and 90 days.

2.3 Production of chicken mortadella

The chicken mortadella samples weighing 100±0.01 g were 
prepared by mixing the ingredients described in Table 1. The skin 
and bones of thigh and drumsticks were manually removed. 
The resulting of chicken meat and back fat was minced once in a 
model (Vicris 2524, Sao Paulo, Brazil) through a plate with holes 
of 0.8 cm diameter. For each mortadella batch (it were made 
30 batches), minced chicken meat was placed in a cutter (Cut.4, 
Brusque, Brazil) and blended with all ingredients. The final meat 

batter temperature was 8 °C. Each batch of mixture obtained 
(mixture of meat and all ingredients) was then filled into 40 mm 
synthetic casings and cooked in a water bath (Tecnal TE 057, 
Piracicaba, Brazil) at 80 °C to an internal temperature of 78 °C. 
The mortadellas were then chilled in an iced/water bath until 
an internal temperature of 25 °C. The product temperature was 
registered throughout the process with an insertion thermometer 
(Delt DT 700, Sao Paulo, Brazil). The mortadella samples extract 
were then stored at 4 °C for 90 days.

2.4 Lipid oxidative determination

Lipid oxidation was evaluated by determining the thiobarbituric 
acid reactive substances (TBARS) using the aqueous acid 
extraction method according to the technique described by 
Cherian et al. (2002). It were weighed 2 g of mortadella samples, 
being then homogenized with 18 mL of perchloric acid (3.86% 
aqueous solution) and 50 µL BHT (4.5% ethanol solution). 
The homogenate was filtered and 2 mL were transferred to tubes 
with 2 mL of 2-thiobarbituric acid (20 mM aqueous solution). 
Thereafter, the tubes were heated in thermo-regulator bath at 
100 °C for 30 minutes. The pink color produced by the reaction 
between the malonaldehyde and 2-thiobarbituric acid was 
measured by spectrophotometer at 531 nm (Biospectro, SP-22, 
Curitiba, Brazil). The TBARS in the samples were expressed as 
mg malonaldehyde per kg mortadella.

2.5 Colorimeter measurements

The objective measurement of the mortadella samples color 
was performed by Minolta CR300 colorimeter, Tokyo, operating 
in the system CIE (L*, a* and b*), with the apparatus calibration 
performed by white ceramic plate, using the D65 illuminant. 
The measurements were made on the surface of the product 
immediately after cutting mortadellas into 1 cm thick slices.

2.6 Statistical analysis

Statistical analyses were performed using the Statistical Analysis 
System (SAS, version 9.2) at 5% probability for significance. 
Initially, data were subjected to analysis of variance according 

Table 1. Formulation of chicken mortadellas containing synthetic 
antioxidant (butylated hydroxytoluene) or anacardic acid (AA).

Meat componentes %
Thigh and drumsticks 85.00
Back fat 15.00
Ingredients and additives % of meat
Iced-water 10.00
Starch 5.00
Sodium chloride 1.10
Mortadella condiment 1 1.00
Cured salt 2 0.30
Garlic 0.30
Antioxidant 3 BHT or AA
Sodium tripolyphosphate 0.25
Spices 0.15
1Refined sodium chloride and natural flavoring. 2Refined sodium chloride, sodium nitrite 
(INS 250) and sodium nitrate (INS 251). 3Not added in the samples of control treatment.
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to a factorial design, which included the effects of treatment, 
storage time and the interaction between treatment and storage 
time. When significant interaction was verified, there was the 
unfolding to evaluate the effect of each factor in relation to 
the other. To compare the results among all treatments, it was 
performed the means comparison by the Student-Newman-Keuls 
test (SNK). In addition, a regression analysis was performed to 
describe the effect of storage time and dose of anacardic acid 
added to the mortadellas; in the latter the data obtained with 
the BHT addition were removed from the analysis.

3 Results and discussion
3.1 Evaluation of lipid oxidation during shelf-life storage

In this study, there was no significant interaction (p>0.05) 
between treatments and storage times of mortadellas for TBARS 
values   (Table  2). According to the regression analysis, the 
TBARS values also did not vary significantly (p>0.05) during 
storage. However, there was a linear reduction in these values 
with increased dose of anacardic acid (AA) in the mortadellas 
(Y = 0.35 – 0.0007X, R2 = 0.59, p-value < 0.0001) demonstrating 
dose-dependent AA.

Qi & Zhou (2013) evaluated the antioxidant effect of a 
lotus seed epicarp extract in growing concentrations in pork 
homogenates representative of Chinese Cantonese Sausage 
using TBARS. These authors also reported that the lotus seed 
epicarp extract significantly retarded the level of lipid oxidation 
in a dose-dependent manner.

Doménech-Asensi et al. (2013), in turn, evaluated the effect 
of the addition of tomato paste to sausage mortadella in order to 
reduce the lipid oxidation associated with the content of lycopene. 
These authors observed that all mortadella formulations of tomato 
paste (2, 6 and 10%) had lower TBARS values when compared 
with the regular mortadella sample. However, no significant 
differences were observed between the three concentrations 
of tomato paste.

The antioxidant effect of AA is due to the phenolic feature. 
Lee & Shibamoto (2002) reported that phenolic compounds 
found in plants act as radical scavengers and, sometimes, as metal 
chelating, acting in the initiation step and the in propagation 
step of the oxidative process.

Studies with natural antioxidants containing phenolic 
compounds have shown their efficiency in the lipid oxidation 
reduction of meat products. Pereira et al. (2010) reported that 
mango bark extract was effective in delaying lipid oxidation in the 
mortadellas when doses up to 2000 ppm were used. Banerjee et al. 
(2012), in turn, using broccoli extract at concentrations from 
10000 to 20000 ppm in the goat meat nuggets observed a decrease 
in TBARS values   with higher levels of extract.

Viuda-Martos et al. (2010), adding rosemary essential oil 
(200 ppm) and different concentrations of citrus fiber washing 
water (50000 –100000 ppm) obtained as a co-product during 
the extraction of dietary fiber from citrus co-products observed 
a significant reduction in the TBARS values of bologna sausages 
when compared with control samples. The samples containing 
rosemary essential oil and 50000 ppm of citrus fiber washing 
water, and those containing rosemary essential oil and 100000 ppm 
of citrus fiber washing water provided reduction of 6.56% and 
8.14% in the TBARS values, respectively. In the present study, 
higher reduction was obtained from 100 ppm of AA (14.71%), 
reaching a reduction of 44.11% with 200 ppm of this antioxidant.

According to the means test (Table  2), BHT addition 
(100 ppm), 100, 150 and 200 ppm AA, provided lower TBARS 
values when compared to those obtained for the control group. 
The mortadella samples containing 150 and 200 ppm of AA had 
TBARS values lower than those of BHT treatment (100 ppm). 
The 200 ppm AA addition provided the lower TBARS values 
among all treatments evaluated.

It is important to emphasize that in the present study, the 
addition of AA at 100 ppm dose had similar effect in the lipid 
oxidation reduction than the synthetic antioxidant BHT (100 ppm), 
at the same concentration. Dther researches have shown that 

Table 2. Thiobarbituric acid-reactive substances values (mg MDA.kg–1 sample) of mortadellas added of butylated hydroxytoluene (BHT) or 
anacardic acid (AA) and stored at 4 °C for 90 days.

Treatments
Storage time (days)

0 30 60 90 Mean
without antioxidant 0.38±0.01 0.35±0.01 0.33±0.04 0.31±0.02 0.34±0.03a
100 ppm BHT 0.27±0.02 0.31±0.03 0.31±0.03 0.31±0.08 0.30±0.02b
50 ppm AA 0.31±0.01 0.33±0.03 0.30±0.02 0.32±0.11 0.2±0.01ab
100 ppm AA 0.29±0.08 0.28±0.01 0.30±0.04 0.28±0.02 0.29±0.01bc
150 ppm AA 0.25±0.03 0.25±0.03 0.25±0.01 0.30±0.01 0.26±0.02c
200 ppm AA 0.17±0.07 0.18±0.05 0.20 ±0.02 0.20±0.04 0.19±0.02d
Mean 0.28±0.07 0.28±0.06 0.28±0.05 0.29±0.04
ANDVA effects p-Value
Treatment <0.0001
Time 0.8426
Treatment x time 0.2179
CV (%) 15.15
n=5; Means with different letters in the columns differ by the Student-Newman-Keuls test (p <0.05); ANDVA = Analysis of variance; CV = Coefficient of variation.
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higher doses of natural antioxidants are necessary to have the 
same effect of the synthetic antioxidant. Jayawardana et al. (2011), 
evaluating the antioxidant effect of commercial adzuki bean extract 
in the uncured cooked pork sausages, obtained equal effectiveness 
when doses 2 folds higher were used. Berasategi et al. (2011), 
comparing the effectiveness of butylhydroxy anisole synthetic 
antioxidant with a lyophilized aqueous ethanolic extract of Melissa 
officinalis added in the bologna-type mortadella reported that 
natural antioxidant was equally effective to synthetic antioxidant 
in inhibiting lipid oxidation up to 5 folds higher.

3.2 Evaluation of color parameters during shelf-life storage

In this study, there was no significant interaction (p>0.05) 
between treatments and storage times of mortadellas for color 
parameters a*, L* and b*   (Tables 3, 4 and 5). According to the 
regression analysis, color component a* (redness) decreased 
over time storage (Y = 12.05 - 0.01X, R2 = 0.32, p-value <0.0001) 
and did not vary significantly (p>0.05) with the increase of 
anacardic acid dose in the mortadellas. According to the means 
test, mortadella samples containing 200 ppm of AA had lower 
redness when compared to others treatments (Table 3).

The redness is the most important color parameter in 
evaluating of meat and meat products. The redness reduction may 
indicate a discoloration of meat product making it unacceptable 
to consumers (Kim et al., 2013). Several authors have reported 
a reduction of redness with the use of natural antioxidants, and 
attributed this reduction to several factors.

Kulkarni et al. (2011), adding grape seed extract antioxidant 
in sausage observed that after 120 days of storage there was a 
reduction in the redness. According to authors, this decrease 
is due to interaction of the pigments with the products of lipid 
oxidation. Mitsumoto  et  al. (2005) reported a discoloration 
in cooked beef and chicken meat patties when tea catechins 
(200 or 400 ppm) were added. The authors attributed this 
discoloration to binding with the iron component of myoglobin. 
Dliveira et al. (2012) also reported a reduction in the redness in 
the mortadella-type sausages when Satureja montana L. essential 
oil was added. According to authors, the reduction in the redness 
can be explained by a possible interaction between nitrite and 
chemical components present in the antioxidant, making the 
nitrite unavailable to combine with myoglobin to produce the 
characteristic red color. Therefore, the reduction in the redness 

Table 3. Color component a* of mortadellas added of butylated hydroxytoluene (BHT) or anacardic acid (AA) and stored at 4 °C for 90 days.

Treatments
Storage time (days)

0 30 60 90 Mean
without antioxidant 12.07±0.74 11.92±0.37 11.76±0.43 11.47±0.15 11.81±0.26a
100 ppm BHT 11.65±0.44 11.53±0.26 11.42±0.61 11.17±0.85 11.44±0.20a
50 ppm AA 12.40±0.14 11.90±0.31 11.66±0.27 10.68±0.95 11.66±0.72a
100 ppm AA 12.02±0.31 11.70±0.29 11.48±0.43 11.32±0.31 11.63±0.30a
150 ppm AA 12.22±0.36 11.73±0.38 11.53±0.40 11.25±0.26 11.68±0.41a
200 ppm AA 11.84±0.34 11.35±0.31 11.12±0.63 10.18±1.01 11.12±0.70b
Mean 12.03±0.27 11.69±0.22 11.50±0.22 11.01±0.49
ANDVA effects p-Value
Treatment 0.0006
Time <0.0001
Treatment x time 0.3248
CV (%) 4.30
N=5; Means with different letters in the columns differ by the Student-Newman-Keuls test (p <0.05); ANDVA = Analysis of variance; CV = Coefficient of variation.

Table 4. Color component L* of mortadellas added of butylated hydroxytoluene (BHT) or anacardic acid (AA) and stored at 4 °C for 90 days.

Treatments
Storage time (days)

0 30 60 90 Mean
without antioxidant 89.39±3.79 78.86±1.42 78.60±1.29 77.86±1.51 81.18±5.49a
100 ppm BHT 78.38±1.85 78.09±2.29 77.70±1.26 77.50±2.19 77.92±0.39b
50 ppm AA 82.01±3.67 76.10±1.63 75.54±1.12 74.12±1.03 76.94±3.48bc
100 ppm AA 79.24±0.81 76.68±0.34 76.25±0.65 74.85±1.72 76.76±1.83bc
150 ppm AA 79.42±1.13 75.70±1.07 75.35±1.01 74.14±1.61 76.15±2.28c
200 ppm AA 78.92±1.26 76.22±0.59 76.02±1.40 73.84±2.00 76.25±2.08c
Mean 81.23±4.19 76.94±1.25 76.58±1.29 75.39±1.18
ANDVA effects p-Value
Treatment <0.0001
Time <0.0001
Treatment x time 0.05
CV (%) 2.42
N=5; Means with different letters in the columns differ by the Student-Newman-Keuls test (p <0.05); ANDVA = Analysis of variance; CV = Coefficient of variation.
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obtained in the present study with 200 ppm of AA may be due 
to interactions of AA and the compounds responsible for the 
color of mortadellas.

Although instrumental redness of products decreases 
at higher level of antioxidant extracts, differences in sensory 
evaluation are not always perceived. Banerjee et al. (2012), adding 
antioxidant extract of broccoli powder in goat meat nuggets, 
reported a reduction of 4.9% in the color component a* when 
compared with control treatment. The authors observed that 
although instrumental redness of nuggets containing broccoli 
powder has decreased, upon sensory evaluation no difference 
was perceived. Therefore, the reduction obtained in the present 
study for treatment with 200 ppm of AA (5.8%), when compared 
with control treatment is similar to the value obtained by these 
authors. Hence, the reduction obtained in the present study 
would probably not be detected by consumers.

Regarding the color component L* (lightness), according 
to the regression analysis, it has decreased over time storage 
(Y = 79.40 - 0.05X, R2 = 0.35, p-value <0.0001) and did not vary 
significantly (p>0.05) with the increase of anacardic acid dose 
in the mortadellas. According to the means test, mortadella 
samples containing antioxidants (100 ppm of BHT and 50, 100, 
150 or 200 ppm of AA) had lower lightness when compared 
with control treatment (Table 4).

The increase in lightness is indicative of a pale meat product, 
which is perceived by the consumer as a negative factor. Therefore, 
the lower L* values obtained with addition of AA, compared to 
control, showed a preservative effect.

Dther authors also have reported decreases in the lightness 
according to natural antioxidants concentration and storage 
time. Pereira et al. (2011), comparing the addition of mango seed 
extract (1000 and 2000 ppm) with BHT (100 ppm) in mortadellas, 
observed lower values   of L* with the natural antioxidant. In the 
present study, lower doses (150 and 200 ppm) of AA provided 
lower lightness when compared to control treatment. To storage 
time, a decrease of lightness with storage time (4 °C for 15 days) 
was reported by Bozkurt (2007) using natural antioxidants of 
sesame and Thymbra spicata oil.

For color component b* (yellowness), according to 
the regression analysis, it has increased over time storage 
(Y = 14.36 + 0.004X; R2 = 0.14; p-value < 0.0001) and did not 
vary significantly (p>0.05) with the increase of anacardic acid 
dose in the mortadellas. According to the means test, there 
was no significant difference between the treatments (Table 5).

Increase of yellowness and reduction of redness are related 
to a discoloration of the meat product, which is not appreciated 
by the consumer. Aksu & Kaya (2005) reported an increased 
in the yelowness of kavurma, a cooked meat product when 
evaluating the effect of α-tocopherol and butylated hydroxyanisole 
on the colour. The authors observed an increase of 13.68% in 
the kavurma yellowness with 90 days of storage at 4 °C. In the 
present study, just a small increase (2.93%) was obtained in the 
mortadellas with 90 days at 4 °C.

4 Conclusion
The results of this study suggest that anacardic acid, in the 

dose of 200 ppm, is a potential natural antioxidant for addition 
to chicken mortadellas stored for up to 90 days at 4 °C.
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